Abstract. We investigated a cluster of five cases of severe pneumonia from one village in Yunnan Province, China. We searched for severe pneumonia in the village and hospitals. We interviewed patients and family members about exposures. We tested acute and convalescent sera for antigen and antibody of severe acute respiratory syndrome, avian influenza, and plague. The only common exposure of the five patients was riding together in the enclosed cab of a truck for 1.5 hours while taking the first patient to the hospital. Seroconversion to plague F1 antigen confirmed plague in three survivors. Unfamiliarity of clinicians with plague and lack of sputum examination, blood culture, or postmortem examination delayed the diagnosis. No plague cases occurred among family and village contacts and health care workers. High infectivity in this cluster was limited to a crowded, poorly ventilated truck.
INTRODUCTION
From 1900 to 1949, China had seven major pneumonic plague epidemics with 1.1 million cases of pneumonic plague in 20 provinces and municipalities. 1, 2 Since 1950, 12 provinces reported plague including seven with reports of bubonic, septicemic, and pneumonic plague in humans. [1] [2] [3] In many previously enzootic areas of China, clinicians are not familiar with pneumonic plague and may not recognize individual cases or small clusters. Moreover, pneumonia treatment in China is frequently determined without the support of sputum culture or smear making detection of plague unlikely during diagnostic workup.
In a period of 1 week in late October, 2005, a cluster of five cases of severe pneumonia with two deaths was reported in residents of the same administrative village unit, Nanxi, Yulong County, Yunnan Province, China. Because this cluster occurred soon after the severe acute respiratory syndrome (SARS) outbreak in China and during a period of concern about highly pathogenic avian influenza (HPAI) H5N1, determining if this cluster was caused by these or another virulent and highly infectious agent was critical. The county Center for Disease Control and Prevention (CDC) initiated an investigation but did not determine the etiology, and a team from the national Chinese CDC joined the investigation. Initial tests for SARS, highly pathogenic H5N1 avian influenza and plague F1 antibody were all negative.
MATERIALS AND METHODS
Setting. Yulong County lies in a mountainous area in northwestern Yunnan Province. The population of 208,000 is dispersed throughout 97 administrative villages (each composed of smaller hamlets), and 16 towns. One secondary care county hospital, 16 primary care town hospitals, and over 100 village clinics provide medical care. The secondary and primary hospitals all report infectious diseases through an electronic surveillance system. A tertiary care referral hospital in the prefecture capital provides more specialized medical care for Yulong and neighboring counties. Previous surveys of hosts and vectors had identified only one rat seropositive for plague antibodies in a different administrative village than Nanxi but nowhere else in Yulong County. In the past 100 years, human plague has not been identified in either Yulong County or Lijiang Prefecture. A qualified plague diagnostic laboratory in the prefecture capital, Lijiang, has the capacity to assist with plague diagnosis.
The Nanxi administrative village is in Huangshan township, Yulong County. It has one central area and seven satellite hamlets. The village lies in a mountain range between 2,900 and 3,300 m of altitude. The vegetation there is mixed pine and shrubs. Villagers are mainly farmers who raise potatoes and rutabagas. Tourists visit Nanxi occasionally for hunting or sightseeing.
Case finding. We defined a case of severe pneumonia as the acute onset of fever ( 38.5 C) with radiographic evidence of consolidation of more than two pulmonary segments within 3 days after onset of fever in a resident or visitor to Yulong County from October 1 to November 30, 2005. We searched house to house in Nanxi Village for any resident who had recent severe acute respiratory illness or severe infection. We investigated deaths that had occurred in 2005. We interviewed the village doctors and family members from Nanxi to determine travel histories, hospital admissions, treatments, and outcomes. We visited the county hospitals in Yulong County and the neighboring Guchen County, Huangshan township hospital, and the tertiary care hospital in the Lijiang Prefecture. We reviewed the registers in the internal medicine clinics and in emergency departments to identify records of pneumonia cases. We asked doctors in these two departments plus pediatricians if they had diagnosed severe pneumonia cases, their treatments, and outcomes. We searched for all medical records with a diagnosis of pneumonia, "pulmonary infection," or "respiratory failure" in the inpatient wards of internal medicine and record rooms since September 2004.
We interviewed case-patients and their relatives, other close associates, and medical staff about exposures and course *Address correspondence to Guang Zeng, Beijing, China FETP, Office of China CDC, Beijing, 100050, China. E-mail: zeng4605@vip .sina.com † These authors contributed equally to this work. of illness of all five case-patients. Interviews included contact with persons with respiratory disease, sick or dying livestock, poultry, domestic, and wild animals. We also determined the source of drinking water and food of the cases within 3 days before onset. We asked about epizootics among animals in the area.
We collected sera and throat swabs from the three survivors at different times during the course of illness and convalescence. We tested these for SARS-Coronavirus (immunoglobulin M [IgM], IgG, N protein, and virus nucleic acid) and HPAI H5N1 (reverse transcription-polymerase chain reaction [RT-PCR] for nucleic acid), and for IgM and IgG using a commercial enzyme-linked immunosorbent assay (ELISA) test against a battery of respiratory infectious agents including Mycoplasma pneumonia, Chlamydia pneumoniae, Legionnella, and respiratory syncitial virus. We tested for plague F1 antibody in subacute and convalescent sera using ELISA and indirect hemagglutination inhibition (kit from China Plague and Brucellosis Institute, batch no.: 200501, within the expiration date).
RESULTS
Case finding. Our house-to-house search of Nanxi Village found no additional cases of severe pneumonia or a person who had recently died of or survived a severe respiratory disease or a severe infection. We also detected no other severe pneumonia cases and no other pneumonia deaths between September 2004 and October 2005 in Yulong County. There were 315 (129/100,000 population per year) total pneumonia cases from departments of three hospitals in Yulong County, the neighboring county, and Lijiang Prefecture from September 2004 to November 2005. We found no unusual increases above the monthly average for Yulong and Guchen Counties or Lijiang Prefecture. During the month when the cluster of severe pneumonia occurred, October 2005, the number of pneumonia diagnoses was actually low compared with historical monthly averages. With the exception of the five patients in our cluster, none of the identified pneumonia cases met our definition of severe pneumonia and none of the patients died. Medical services at all levels in the prefecture reported 69 deaths in 2005. With the exception of the cluster under investigation, none of these deaths were attributed to pneumonia.
Clinical findings. The first case of pneumonia in the cluster, patient A, was a 26-year-old male farmer. He was otherwise in good health when on October 25 at 4:00 PM, while tending his crops, he felt uncomfortable and dizzy. On October 26, he developed fever, cough, fatigue, dyspnea, and expectorated yellow, blood-tinged sputum. The next morning, he was admitted to a county hospital. At that time his body temperature was 39.5 C. He had no lymphadenopathy. He was treated with cefoperazone and levofloxacin, and was admitted to the medicine department; by November 2 respiratory distress had worsened and he was transferred to the intensive care unit. During his hospitalization his chest radiographs showed initial consolidation of several segments of the right lower lung (RLL) followed by extension to other segments of the right and left lung. His pulmonary function and general condition improved slowly, and he was discharged on November 30.
The five cases were characterized by fever lasting 3 (in fatal cases) to 12 days, multisegmental and multilobar consolidation (4), blood streaked or pink frothy sputum (4), and hypotension (3) ( Table 1) . Computerized axial tomography showed development of a cavity in the right upper lobe of one patient (Figure 1) . One patient had an enlarged cervical lymph node with inflammation of the overlying skin. Four patients were treated with antibiotics, beginning on the second to the fourth day of illness. Three received quinolones but none received streptomycin, chloramphenicol, or a tetracycline. The remaining patient did not receive antibiotics and died on the fourth day of illness.
Testing for SARS indicators (nucleic acid, antigen, IgM/ IgG), and HPAI H5N1 (nucleic acid, hemagglutinin HA antigen, HA antibody, and IA) were all negative. Sera taken on November 7 (8 to 13 days after onset) from three surviving patients were non-reactive to F1 antigen of Yersinia pestis by IHA tests at the Lijiang Prefecture CDC Laboratory. Serologic tests for M. pneumoniae, C. pneumonia, Legionella pneumophila, and respiratory syncytial virus on the surviving three patients did not indicate recent infection but showed inconclusive results on different patients for each pathogen. The IgM tests for 16 other respiratory agents were all negative.
None of the patients had sputum smears, sputum cultures, or blood cultures done during their acute illness. Autopsies were not done or postmortem tissue or blood samples taken on the two fatal cases, and their bodies were cremated. At the time the etiology remained undetermined. However, during a review of the data one team member pointed out that the clinical and epidemiologic features were highly compatible with primary pneumonic plague (PPP). Accordingly, follow-up sera from the three surviving patients were obtained; test results showed rising plague F1 antibody titers 2 and 4 weeks after onset (Table 2) . On this basis, we determined the five cases to be PPP.
Epidemiologic features. The five patients with PPP were adults from 22 to 52 years of age. Three were men and two women. Three PPP patients lived in Luzi hamlet (64 households, 224 residents) and two were drivers who lived in a cluster of rental houses (80 residents) near the Nanxi Village administrative center. All belonged to the Naxi ethnic group. Patient A and his mother (patient B) and father (not ill) lived in the same house in Luxi hamlet. The other three patients had no relationship or common activities with each other or with patients A and B, with one exception. All five rode in the cab of the same light truck on October 27 from 7:00 AM to 8:30 AM when the mother took her acutely sick son from Luzi to Yulong County hospital (Figure 2 ). For the entire trip they closed the windows of the truck except for a narrow gap. Patient A was actively coughing during the trip. Nobody else occupied the cab of the truck during this trip. After leaving the truck the mother took patient A to the hospital and the other three persons went their separate ways. All four healthy occupants of the truck cab, including the mother of patient A, developed PPP from 1.5 to 3 days after they shared the truck ride with patient A (Figure 2) .
We found no other PPP cases among 234 other family and village contacts and 153 health care workers (Table 3) . None of the health care workers used any precautions (masks, gloves, or gowns) to avoid infection while attending the five patients.
Patient A routinely tended the family farm. During the month before onset of PPP, he reported no deviation from this routine, no contact with wild animals, no hunting, no sighting of dead or dying rodents, and no contact with a person with a similar or a grave illness, and did not leave his village. In early October ( 15 days before his PPP onset) a previously healthy domestic dog in his home died. In August 2005, a previously healthy domestic cat died. The three other affected families reported no unexpected deaths or illnesses in their domestic animals including dogs or cats. Other villagers also did not report recent deaths in dogs or cats. The village veterinarian reported that he did not observe any evidence of an epizootic during the months preceding this PPP cluster.
As a response to a cluster of severe pneumonia of unknown cause, several actions were taken beginning on November 2. A cordon sanitaire was setup around Nanxi Village. Special isolation and treatment areas were established in hospitals of the city. Personal protection measures for medical personnel were strengthened. Contacts of cases and the medical personnel who diagnosed or treated the cases or performed the field investigation were quarantined. Among these 408 persons placed under quarantine observation none contracted PPP. No new severe pneumonia, PPP, or other plague infections were found over 2 months of follow-up.
DISCUSSION
This investigation led us to the conclusion that we were dealing with a cluster of PPP. The clinical illnesses including rapid incubation, fulminant progression, bloody sputum, progressive segmental consolidation, cavitation (in one case), and hypotension are all typical of PPP. Plague infection was finally confirmed with a 4-fold rise in anti-F1 in convalescent sera taken 3 weeks after onset in the three survivors.
During the investigation, initial negative F1 antibody tests for plague were misleading as to cause of the illnesses. However, tests for F1 antibody are often negative in patients who are treated with effective antibiotics, if sera are taken within 2 weeks of onset, as were done in these cases. 4 Other misleading findings included no characteristic plague exposure for the primary case, no human cases of bubonic plague in the county, and historical information that plague was not enzootic in Yulong County despite a strong plague surveillance system in the province.
Opportunities to establish a diagnosis of PPP were missed early in the hospitalization of these patients. A sputum smear showing sheets of gram-negative coccobacilli or bipolar staining with Geimsa or Waylon stain should immediately raise suspicion of PPP. Although sputum smears are not uniformly helpful with all pneumonias, they may be with some, and should be included in the initial diagnostic workup of all severe pneumonia. 5 Direct fluorescent antibody stain of sputum, sputum culture, and blood culture, should confirm the diagnosis of pneumonic plague within a few days. As in these five cases, sputum smears and cultures and blood cultures are rarely done as part of a diagnostic workup of severe pneumonia in China. Similarly, microbiologic testing of postmortem specimens on fatal cases also would have led to a more rapid determination of the etiology.
The epidemiologic pattern also exhibited features of PPP. Other infectious agents that cause pneumonia will result in a substantial proportion of asymptomatic or mild infections relative to each case of severe pneumonia. For these other agents, with the possible exception of SARS, one would rarely expect more than one case of secondary pneumonia in a small group. Under the conditions of close exposure in an enclosed space, plague is among a very small number of organisms that can yield high secondary attack rates of severe pneumonias.
In this cluster, person-to-person transmission of PPP caused infection of three persons and probably a fourth (the mother) within the confines of a truck cab. Despite many more personhours of contact, family members of secondary cases were not infected nor were medical staff who attended all the patients without any special protective measures. This pattern of transmission is highly characteristic of PPP. Classical studies from the early decades of the last century in China by Wu Lien-Teh, Strong, and Teague indicated that PPP was mainly spread from face-to-face exposure within 1.5 m. [6] [7] [8] [9] Exposure in small, enclosed, poorly ventilated spaces such as underground inns and crowded train carriages in Manchuria was also an important factor. 8 Although highly communicable under these special circumstances, PPP is otherwise poorly transmitted. 6, [10] [11] [12] As demonstrated by this outbreak, both extremes can be true. In the conditions of the enclosed truck cab, the communicability was extremely high, whereas in the open community and among exposed medical staff, the communicability was very low.
An initial assessment of zoonotic plague around Nanxi Village in January 2006 revealed Y. pestis by cultures from rodents and several domestic dogs and cats that were plague F-1 antibody-seropositive. 13 A more complete investigation identified Y. pestis isolated from a naturally dead rat (Rattus nitidus), from fleas found on that rat, and from two field mice, Apodemus chevrieri. 13 A serosurvey of dogs and cats revealed anti-plague antibodies in~25% of dogs and cats around Nanxi Village. 14 One perplexing issue remains unresolved and is an important limitation of this investigation. We could not identify the source of the infection of the primary case. Clinically, the patient had PPP and not secondary pneumonic plague. He had not left his village and no other severe pneumonia cases among village residents preceded his case. He had not hunted or killed wildlife or handled dead or dying rodents. Farm cats were found to be seropositive and can become sick with pharyngeal plague and transmit by droplets to humans. However, we found no indication that he had contact with a sick cat during his incubation period. Because dogs, albeit rarely, can develop pneumonic plague and infect humans 7, 15, 16 ; the unexpected death of the family dog raises the possibility of dog to human transmission. However, the history indicated that the dog died too far outside of the maximum incubation period of PPP to have infected his owner. Our broader search of hospitals in the area and mortality reports also found no evidence of a broader epidemic of severe pneumonia. There is a strict regulation for reporting of a severe pneumonia case because of the SARS epidemic in China. All five PPP case-patients in this outbreak were reported by a clinician from the county hospital to CDC of a different level, including county, prefecture, province, and nation, and finally to the Ministry of Health within 3 days, very timely and without any delay, and not any reluctance to report at all.
In this outbreak, patients were delayed to be diagnosed as plague because they showed atypical symptoms as a result of antibiotic treatment. Although local residents held a viewpoint that a person should die in his own home, two deceased case-patients died in the hospital, and then their relatives took their body back home for burial after receiving thorough disinfection from CDC's professional staff.
We can conclude that PPP was transmitted to three and possibly four persons during a 1.5-hour ride in an enclosed truck cab. To strengthen the response to severe pneumonia in China, we recommend a systematic approach that includes well-established microbiological methods such as sputum smears and culture, blood culture, repeat antibody tests 2-4 weeks after onset, and postmortem specimens in addition to organism-specific tests.
